The hardness and tribological properties of multilayered Cu/Ni-P coatings prepared via electrodeposition with a single bath containing nickel sulfate, copper sulfate, phosphoric acid and sodium citrate have been examined. The location of Cu and Ni-P sublayers that were alternately deposited at 1 mA/cmz and 50 mA/cm2, respectively, was analyzed. These sublayers consist of crystalline Cu and amorphous Ni-P. Results have indicated that the hardness of the multilayered coating is lower than that of Ni-P single coating and increases with an increase in the thickness of Ni-P sublayers.
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The hardness and tribological properties of multilayered Cu/Ni-P coatings prepared via electrodeposition with a single bath containing nickel sulfate, copper sulfate, phosphoric acid and sodium citrate have been examined. The location of Cu and Ni-P sublayers that were alternately deposited at 1 mA/cmz and 50 mA/cm2, respectively, was analyzed. These sublayers consist of crystalline Cu and amorphous Ni-P. Results have indicated that the hardness of the multilayered coating is lower than that of Ni-P single coating and increases with an increase in the thickness of Ni-P sublayers.
A remarkable finding is that wear resistance of the multilayered coating is superior to that of Ni-P single coating, which may be attributed to the suppression of the propagation of cracks in the multilayered structure. The dark and light layers correspond to Cu and Ni-P sublayers, respectively. Hv=VHVN;+ (1-V) Hv~u Fig. 3 An XRD patterns of the multilayered coating on a Ti substrate. Cu and Ni-P sublayers were deposited at 1 and 50 mA/cm2 respectively. Symbols (0) and (0) indicate that these peaks arise from Cu and Ti, respectively. Fig. 4 Hardness of the multilayered Cu/Ni-P coatings with various Cu and Ni-P sublayer thickness ratio. Coat. Tech., 68/69, 459 (1994) 4) W. Zhang, X. Zhang, a Yang, Q. Xue ; Wear, 197, 228 (1996) 5) W. Zhang, Q. Xue ; Thin Solid Films, 305, 292 (1997) 
